In this article, we investigate the saphenous artery perforator propeller flap for the reconstruction of perigenual defects. We describe the anatomy of the saphenous artery and the method of raising a perforator propeller flap based on our study and early clinical experience. Aim To assess the effectiveness of the saphenous artery perforator propeller flap in the reconstruction of perigenual defects. Materials and Methods A preliminary cadaver dissection and injection study was conducted to discern the anatomical details of the perforator system of the saphenous vessel in 35 cadaveric specimens in 18 fresh cadavers. From March 2016 to March 2018, 16 clinical cases (5 females and 11 males, in the average age group of 33.5 years) with perigenual defects were reconstructed with saphenous artery perforator propeller flap. They were followed up for an average period of 12.5 months. Results Cadaver study established anterior sartorial perforators as the dominant system of the saphenous vessel and brought to the forefront the type 2 blood supply of the saphenous nerve. All patients had well-settled flaps at the end of the follow-up period, with good return of knee function. Conclusion Saphenous artery perforator propeller flap is a viable option for the reconstruction of defects around the knee joint. Level of Evidence Type V, therapeutic study.
Introduction
Perigenual soft tissue defects are a challenging exercise as there is an unpropitious interaction between three factors: (1) 60% of the knee joint circumference is subcutaneous (making it vulnerable to exposure even with moderate violence injuries), (2) single major neurovascular bundle is in close proximity to the posterior aspect of the knee joint (rendering the popliteal artery more susceptible to injury in subluxation/ dislocation injuries of the knee joint and rendering all local perforator flaps unreliable), and (3) there is paucity of loose skin around the knee joint (making primary closure and local flaps reconstruction a difficult task). Reconstruction of perigenual soft tissue defects should pave the way for regaining the preinjury functional level and maintaining the local aesthesis. The essential characteristics of the flaps to fully achieve these two goals are thin pliable nature with good color/ texture match and robust blood supply to heal the exposed bones and joint. To a variable extent, all these goals are attainable by various methods of reconstruction using local flaps to free flaps. An advanced understanding of the skin blood supply and its physiology has led to the birth of the perforator propeller flaps. Wei and Mardini, 1 Mardini et al, 2 and Wallace et al 3 described the freestyle free and pedicled perforator flaps. "Any area of the body where there is audible Doppler signal that becomes the potential area of tailored flap that exactly suits need of recipient site in terms of color, texture, pliability and thickness " a concept came into being recently. 4, 5 Saphenous artery perforator propeller (SAPP) flap for the reconstruction of perigenual soft tissue defects is one such flap explored by the author in this article. Pedicled and free saphenous artery fasciocutaneous flaps, 6-8 saphenous posteromedial cutaneous island thigh flaps, saphenous superomedial cutaneous island leg flaps, saphenous neurovenofasciocutaneous flaps, 9, 10 and reverse saphenous flaps 11 are already well described in the literature. For the first time, clinical application of the pedicled SAPP flap that preserves the saphenous nerve, the great saphenous vein, and the saphenous vessels at the donor site is investigated by the author in this study.
Aim
The aim of this study is to assess the effectiveness of SAPP flap in the reconstruction of perigenual defects.
Materials and Methods
Institutional ethical committee approval was obtained prior to the cadaver and clinical study.
Cadaver Study
A preliminary cadaver dissection and injection study was conducted with an aim to discern the anatomical details of the perforator system of the saphenous vessel in 35 adult cadaveric specimens in 18 fresh cadavers (20 males and 15 females). Those with an injured thigh were excluded. For dye injection study, initially, the dilute formalin was injected to check for the rent in the proximal femoral vessel walls, which, if present, was sutured with fine silk. Then the formalin was milked and mopped out with woven cotton gauze. The India ink was injected in a retrograde manner through the femoral veins with little pressure following which diluted red lead oxide solution was injected into the femoral arteries. The specimens were frozen for 24 hours, and dissection was performed later. A single incision was placed on the lower third of the thigh close to the midline and then carried down to the medial side of the patella and the upper two-thirds of the medial side of the leg anterior to the saphenous nerve surface anatomy. Dissection in the suprafascial/subfascial plane to locate all the perforators from the saphenous vessels was performed (►Fig. 1). Then the saphenous vessels accompanying the saphenous nerve were followed distally and proximally. The pattern of origin of perforators from the source vessel, as well as their course, number, size, and location with respect to the knee joint line were noted. Magnifying loupes, scales, and calipers were used during the study.
Clinical Study
From March 2016 to March 2018, 16 cases (5 females and 11 males in the average age group of 33.5 years) of perigenual defects were reconstructed with SAPP flap. The etiology of soft tissue perigenual defects are posttraumatic (n = 11), postinfective (n = 2), postexcisional (n = 1), and postburn (n = 2). This is a prospective cohort study.
Inclusion Criteria
The study included patients with perigenual soft tissue defects and those with unviolated skin territory in the lower medial third thigh.
Exclusion Criteria
Patients with the following comorbid illnesses were excluded: (1) diabetes mellitus, (2) collagen vascular diseases, (3) smoking or nicotine consumption in any form, (4) vasculitis, (5) uncontrolled hypertension with cardiovascular instability, (6) immunocompromised, (7) ulcers due to vascular insufficiency, (8) flaps harvested on more than one perforator (as keystone flap) and V-Y advancement used as the primary movement of flap, (9) extensive degloving injuries and crush injuries, and (10) cases with popliteal artery reconstructed.
Surgical Technique
In all cases, a line is drawn from the anterior superior iliac spine to the adductor tubercle. Using a handheld 10-Mhz Doppler device, the perforators are marked just anterior and posterior to this line in the lower one-fourth. After excising the primary perigenual defect, a pattern is constructed with dimensional allowance for primary contraction of the flap and transferred with its axiality parallel to the long axis of the thigh and adjacent to the defect. A trilobed provisional flap is marked if the primary movement of the flap is less than 180 degrees. It is planned in such a way that a large paddle covered the primary defect and other two small paddles covered the secondary defects, with the additional advantage of reducing tension on the pedicle. The provisional pivot point is placed on the nearest best acoustic signaling perforator. Otherwise, a bilobed perforator propeller flap is planned if the primary rotation about pivot is 180 degrees. The dissection is always started with an anterior nondelineating incision (as our cadaver study and clinical study experience showed anterior sartorial perforators of the adductor canal segment of the saphenous vessel as dominant), and the subfascial dissection is performed till the perforators are encountered anterior to the sartorius muscle. Most of the time, more than two perforators are encountered. One that is nearest to the defect with good size and pulsatility is chosen. A liberal 2% lignocaine irrigation is commonly used by the author during the skeletonization of the pedicle. A periperforator dissection is performed through the sartorius muscle and subsartorial fascia until approximately 2 cm of the pedicle is available for allowing the gracious turn of the pedicle without any occurrence of critical twist and kinking. Under magnification, all the fascial strands are removed from the skeletonized perforator pedicle that is commonly responsible for venous congestion of the flap. In all cases, the saphenous nerve, the main saphenous vessels, and the great saphenous vein are spared, and flaps are harvested on the single best perforator. Then the whole flap is raised after completing the delineating incision. After interpolation, the flap is given inset, and in those cases in which the transverse dimension of the resultant secondary defect is less than 8 cm, it is closed primarily. If it is exceeding that dimension, split-thickness skin graft is used for the cover of the secondary defects.
Postoperative Follow-Up
A postoperative posterior popliteal fossa offloading plaster slab is used for a 2-week period, with mild limb elevation. Passive stretching exercises are started after 14 days and continued for another 2 weeks until active mobilization. All cases are followed up at 3, 6, 9, 12, and 15 months of interval following the discharge. They are followed for an average period of 12.5 months. At every contact point, the scars, local aesthesis, and functional recovery are assessed.
Case 1
A 42-year-old male presented with posttraumatic hemarthrosis and peripatellar soft tissue defect (measuring 9.5 × 12 cm) communicating with the knee joint through the suprapatellar bursa (►Fig. 2). After excision of the wound, a trilobed saphenous vessel perforator propeller flap was constructed with the preservation of the saphenous nerve, the saphenous vessel, and the great saphenous vein and transferred to the defect (►Fig. 3). The flap is harvested on the anterior sartorial perforator. Secondary residual raw area is the skin grafted. The flap and reconstructed site healed well. Patient was followed up for 14 months. He developed normal range of knee movements and normal gait at 12 months follow-up (►Fig. 4).
Case 2
A 22-year-old male patient presented with unstable raw area on the medial aspect of knee surrounded by scar following a thermal burn. After excision of the defect, a saphenous vessel perforator propeller flap based on the anterior sartorius single best perforator flap (measuring 6 × 7 cm) was transferred to the defect (►Fig. 5). The patient was followed up for 12 months. He had a well-settled flap and was pain-free, with full range of movement in the knee joint (►Fig. 5).
Case 3
A 52-year-old male sustained degloving injury to the anterior aspect of the left knee with fracture femur in a road accident (►Fig. 6). Following debridement, 20 × 11 cm of SAPP flap was harvested based on the anterior sartorial perforator (►Figs. 6 and 7), preserving the saphenous nerve, the saphenous vessel, and the great saphenous vein. The secondary defect was covered with a medium-thickness split-skin 
Results of Cadaveric Study
It was found in our study that the saphenous nerve received the single dominant saphenous vessel supply, which always originated from the descending geniculate vessels. Saphenous vessels originated as a second branch (as one artery and Perigenual Soft Tissue Defect Reconstruction Balakrishnan et al. two venae comitantes) from the descending geniculate vessels within the adductor canal in all the specimens. Its origin was in an average 11 cm proximal from the knee joint line and 2.5 cm from the origin of the descending geniculate vessels. The average dimension of the saphenous vessel at its origin was 1.75 mm. It ran initially 2 cm on the posterior aspect of the saphenous nerve within the adductor canal. Then it ran on the nerve on average 10.5 cm from the knee joint line. In all specimens, they emerged with the saphenous nerve (continued as vasa nervorum and therefore the perforators can be rightly named as neurocutaneous perforators) just distal to the knee joint line in front of the gracilis tendon and through the posterior third of the sartorius tendon. Therefore, it could be described as having two segments. The first segment is the adductor canal segment (10 cm in length on average) that gave rise to 3.5 number of perforators along the anterior border of the sartorius muscle, with an average size of 1.1 mm at its origin. The last perforator of this group was 2.5 cm proximal to the knee joint line. On average, two perforators originated from the posterior sartorial border with an average dimension of 1.2 mm. The second segment is the distal segment that had 2.5 number of perforators, with the average size being 1.1 mm. The last neurocutaneous perforator was situated on average 3.5 cm distal to the knee joint line. Therefore, in all specimens, anterior sartorial perforators were found to be dominant. There were no side variations. As per the classification by Breidenbach and Terzis, 12 , in all specimens, the saphenous nerve received the single dominant blood supply from the saphenous vessels that was type 2 blood supply. In all specimens, it was making anastomosis with upper medial geniculate artery (posterior to medial femoral condyle), and in 50% of the specimens, infragenicular segment was anastomosing with the perforator from the posterior tibial vessels.
Results of Clinical Study
The average size of the flap was 113.5 cm. 2 The average size of the single best perforator was 1.5 mm. Age of these patients ranged from 17 to 60 years (►Table 1). There was no complete loss of flap in our study. One patient had partial superficial epidermolysis, and dermal healing followed uneventfully. Another patient had 4-mm distal tip necrosis, which healed well with secondary intention. Incidence of complications in our series was 12.5%. No other complication was encountered. There was an aesthetically acceptable scar at donor site in all cases. No other secondary procedures were needed (like flap thinning or correction of the standing cone). All patients assumed pain-free walking at an average follow-up of 12 months. The great saphenous vein and the saphenous nerve were preserved in all cases when they were intact. Even the saphenous artery was preserved at the donor site in all cases. Ten cases required skin grafting for the secondary raw areas. Remaining secondary defects were closed primarily. The average duration of surgery was 1 hour and 30 minutes. All patients have well-settled flaps, and at the end of the follow-up period, they had good return of knee function and normal gait (►Video 1). All had intact sensation along the saphenous nerve distribution.
Discussion
Several cadaver studies [13] [14] [15] have been conducted on saphenous vessels and its source vessels, the descending geniculate vessels. None of these studies concentrated on the origin, course, and perforators of the saphenous vessels. The vastus medialis perforators are also included in a study, 15 which mar the clarity of anatomy of the saphenous vessel system. This study is directed toward the saphenous vessel system only. Our cadaver study establishes two important findings. First, the anterior sartorial perforators are dominant and large in size and numbers. Second, the saphenous nerve received the single dominant blood supply from the saphenous vessels that was type 2 blood supply. Cormack et al 16 in their textbook mentioned the possible dominance of posterior sartorial perforators of the saphenous system. They also mentioned that "there are instances recorded in the anatomical literature where a well-developed saphenous artery reached the foot," but we did not find one such thing in our dissection. Our cadaver dissection has guided us on two things: (1) anterior nondelineating as first incision as we find the anterior sartorial perforators are uniformly dominant and (2) periperforator dissection through the septum and the sartorius muscle to preserve the great saphenous vein, the saphenous nerve, and the saphenous vessels.
With the advent of perforator propeller flaps, main source vessels, cutaneous nerves, and muscles are spared, leading to no or minimal donor-site morbidity. 17 In all cases, the saphenous nerve, the main saphenous vessels, and the great saphenous vein are spared, and flaps are harvested on the single best perforator. This saphenous vessel axis, as established by our cadaver study, has potential of providing flaps in various avatars such as perforator-based keystone flaps, 18 freestyle pedicled flaps, and free flaps, and also in various tissue composition such as adipofascial, cutaneous, osteocutaneous, and musculocutaneous composition. The SAPP flap is microvascular surgery minus microvascular anastomosis. They have homogenized robust vascular supply like any single best perforator based flap. 19, 20 When the gastrocnemius muscle [21] [22] [23] [24] [25] [26] and other locoregional fasciocutaneous flaps 27, 28 for the reconstruction of perigenual defects become a difficult choice due to their small size, hard reach, or the secondary defects that may expose the subcutaneous prominences of the knee joint, the SAPP flaps become the ideal choice for aesthetic reconstruction. The maximum dimension of the SAPP flap used successfully by the author (case 3) is 20 × 11 cm. But the baffling question of "what is the safe dimension of the flap that can be harvested on the single best perforator?" remains to be answered by large-scale studies. 29 Only one research work closely relating to this study is that by Winkel et al, 30 but they used the pedicled saphenous perforator flap in the distal third leg. This is the first clinical series on the SAPP flaps. To prevent compromise of the blood supply of the flap and subsequent flap necrosis, minimization of tension at all steps, avoiding acute twists and kinks of perforator pedicle with enough periperforator dissection that allows gracious turn of the pedicle, and diligent handling of the flap right from mobilization to soft tissue closure are the key. The donorsite morbidity associated with the flap procedure is generally minimal. Stiffness of the knee joint may be an issue after reconstruction and subsequent immobilization. While soft tissue healing remains the initial priority, it is judicious to begin mobilization of the knee after 2 weeks. This postoperative protocol explains the good result in our study. The limitation of this study is its small sample size. But the cogency of this study is the clinical establishment of the biogeometry of SAPP flaps and their dependability and reliability in the reconstruction of perigenual soft tissue defects.
Video 1
Video showing normal gait of case 1. Online content including video sequences viewable at: www. thieme-connect.com/products/ ejournals/html/10.1055/ s-0039-3400354.
Conclusion
The SAPP flap is a viable option for the reconstruction of soft tissue defects around the knee joint. Conceivably, it is a reliable flap with consistent anatomy and potentially acceptable donor site. The SAPP flap is a new addendum for the reconstruction of perigenual soft tissue defects.
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